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1
DRAM CELL BASED ON CONDUCTIVE
NANOCHANNEL PLATE

TECHNICAL FIELD

The present disclosure relates to dynamic random access
memory (DRAM) and eDRAM cells having an improved
capacitor. The present disclosure is particularly applicable to
semiconductor chips that require embedded DRAMs.

BACKGROUND

A one-transistor dynamic memory cell includes a pass-
gate, a storage capacitor, and electrical connections to a bit-
line, a word-line, and a capacitor plate. The trend has been to
decrease the size of the memory cell, to provide higher pack-
ing density, while increasing device operating speed. Current
memory cells include either deep trench capacitors or back
end of line (BEOL) stacked capacitors. However, these solu-
tions are formidable and complex to manufacture.

A need therefore exists for improved methodology
enabling the manufacture of DRAM cells with effective
capacitance, and the resulting devices.

SUMMARY

An aspect of the present disclosure is an improved method
of forming a large capacitor by forming nano channels in a
conductive body.

Another aspect of the present disclosure is a capacitor
formed in nano channels in a conductive body.

Additional aspects and other features of the present disclo-
sure will be set forth in the description which follows and in
part will be apparent to those having ordinary skill in the art
upon examination ofthe following or may be learned from the
practice of the present disclosure. The advantages of the
present disclosure may be realized and obtained as particu-
larly pointed out in the appended claims.

According to the present disclosure, some technical effects
may be achieved in part by a method of forming a source
contact through a first inter layer dielectric (ILD); forming a
conductive body on the first ILD; forming a second IL.D on
the conductive body; forming drain and gate contacts through
the second IL.D, conductive body, and first ILD; forming nano
channels in the conductive body; forming an insulating layer
in the channels; and metalizing the channels.

Aspects of the present disclosure include forming the drain
and gate contacts by: forming first openings through the sec-
ond ILD and conductive body; forming an insulating liner in
the first openings; forming a second opening through the first
ILD; and filling the first and second openings with metal.
Another aspect includes forming the first openings by: form-
ing a mask on the second IL.D; etching the second ILD and
conductive body through the first mask. Further aspects
include forming the insulating liner of silicon oxide or a
high-k oxide. Other aspects include forming the insulating
liner to a thickness less than 5 nanometers (nm). Additional
aspects include forming the first ILD of a material that has
etch selectivity with the conductive body. Another aspect
includes forming the conductive body of doped polysilicon;
and forming the first ILD of silicon nitride. Further aspects
include forming the nano channels by: forming an opening
through the second ILD; and forming an opening in the con-
ductive body. Further aspects include forming the openings
by: forming a nano patterning mask on the second ILD;
etching the second ILD through the nano patterning mask;
partially etching the conductive body through the nano pat-
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terning mask; and removing the nano patterning mask. Other
aspects include etching the conductive body to a depth of 80%
to 90% of the thickness of the conductive body. Another
aspect includes forming the nano patterning mask having
features with a pitch of 50 nanometers (nm) to 100 nm.
Additional aspects include forming the insulating layer of a
high-k material.

Another aspect of the present disclosure is a device includ-
ing: an ILD; a conductive body having nano channels, each
nano channel including: an insulating layer deposited in the
nano channels; and a metal filling the remaining space in the
nano channels; a source contact electrically connected to the
conductive body through the ILD; a gate contact through, and
electrically insulated from, the conductive body; and a drain
contact through, and electrically insulated from, the conduc-
tive body.

Aspects include a device having an insulating liner
between the gate and drain contacts and the conductive body,
electrically insulating the contacts from the conductive body.
Further aspects include the insulating liner being formed of
silicon oxide or a high-k oxide. Other aspects include the
nano channels having a pitch of 50 nanometers (nm) to 100
nm. Another aspect includes a second ILD on the metal filling
the nano channels. Additional aspects include a transistor
under the first ILD, electrically connected to the source, gate,
and drain contacts.

Additional aspects and technical effects of the present dis-
closure will become readily apparent to those skilled in the art
from the following detailed description wherein embodi-
ments of the present disclosure are described simply by way
of illustration of the best mode contemplated to carry out the
present disclosure. As will be realized, the present disclosure
is capable of other and different embodiments, and its several
details are capable of modifications in various obvious
respects, all without departing from the present disclosure.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated by way of example,
and not by way of limitation, in the figures of the accompa-
nying drawing and in which like reference numerals refer to
similar elements and in which:

FIGS. 1 through 14 schematically illustrate a process flow
for forming a DRAM cell, in accordance with an exemplary
embodiment.

DETAILED DESCRIPTION

In the following description, for the purposes of explana-
tion, numerous specific details are set forth in order to provide
a thorough understanding of exemplary embodiments. It
should be apparent, however, that exemplary embodiments
may be practiced without these specific details or with an
equivalent arrangement. In other instances, well-known
structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring exemplary embodi-
ments. In addition, unless otherwise indicated, all numbers
expressing quantities, ratios, and numerical properties of
ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood as being modi-
fied in all instances by the term “about.”

The present disclosure addresses and solves the complex
manufacturing problems attendant upon forming deep trench
capacitors or BEOL stacked capacitors. In accordance with
embodiments of the present disclosure, nano channels are
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formed in a conductive body, an insulator layer is deposited,
and the nano channels are metalized. In this embodiment,
since a stacked patterned electrode is employed, inefficient
ILD patterning used for typical metal/metal capacitors may
be avoided and the number of manufacturing steps may be
reduced. Further, the capacitance may be improved.

Methodology in accordance with embodiments of the
present disclosure includes forming a source contact through
a first ILD, forming a conductive body on the first ILD,
forming a second ILD on the conductive body, forming drain
and gate contacts through the second ILD, conductive body,
and first ILD, forming nano channels in the conductive body,
forming an insulating layer in the channels, and metalizing
the channels.

Still other aspects, features, and technical effects will be
readily apparent to those skilled in this art from the following
detailed description, wherein preferred embodiments are
shown and described, simply by way of illustration of the best
mode contemplated. The disclosure is capable of other and
different embodiments, and its several details are capable of
modifications in various obvious respects. Accordingly, the
drawings and description are to be regarded as illustrative in
nature, and not as restrictive.

Adverting to FIG. 1, a transistor 101 having source 103,
drain 105, and polysilicon gate 107 is formed on a silicon
substrate 109. A first ILD 111 is formed over transistor 101.
Contacts 113, 115, and 117 are formed through ILD 111
downto source 103, gate 107 and drain 105, respectively. ILD
111 may be formed of silicon dioxide (SiO,).

A second ILD 201 is formed to a thickness of 50 nm to 150
nm over first ILD 111 and contacts 113, 115, and 117, as
illustrated in FIG. 2. ILD 201 may be formed of silicon nitride
(SiN), or any suitable material with a high etch selectivity
relative to ILD 111. A lithography mask 203 is applied to ILD
201 and developed by any suitable lithography process to
form opening 205 over source contact 113. Opening 205 will
define an intermediate contact to the body of the nano channel
plate.

As illustrated in FIG. 3, ILD 2 is etched down to source
contact 113 through opening 205. Then, as illustrated in FIG.
4, lithography mask 203 may be removed, such as by strip-
ping, and intermediate contact 401 is metalized by any suit-
able method.

Adverting to FIG. 5, the body 501 of the nano channel plate
is deposited. Body 501 may, for example, be formed of either
p- or n-doped polysilicon. The polysilicon may, for example,
be doped with phosphorus or boron. Alternatively, body 501
may be formed of germanium, or any conductor that is pat-
ternable. A third ILD 503, for example an oxide or a nitride,
is deposited to a thickness of 50 nm to 150 nm. Another
lithography mask 505 is applied on ILD 503, with openings
for defining contacts to drain 105 and gate 107.

As illustrated in FIG. 6, using lithography mask 505, third
ILD 503 and body 501 are etched down to second ILD 201
forming holes 601. The etching may be performed in a single
step by leveraging the different etch chemistries of third ILD
503 and body 501. Further, the etching may be dry etching or
reactive ion etching (RIE). ILD 201 must be formed of a
material which may act as an etch stop for the etching of body
501.

Then, lithography mask 505 is stripped, and an insulating
liner 701 is deposited into the etched holes, for example to a
thickness up to 5 nm, e.g., up to 3 nm, as illustrated in FIG. 7.
Liner 701 may be formed of silicon oxide or a high-k oxide,
for example hafnium oxide or zirconium oxide.

Adverting to FIG. 8, ILD 201 is etched through holes 601
down to gate and drain contacts 115 and 117, respectively.
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Then, holes 601 are filled with metal, to form contacts 901
and 903. The holes may be metalized by any suitable method.
Liner 701 separates contacts 901 and 903 from body 501.

As illustrated in FIG. 10, a nano patterning mask 1001 is
applied on third ILD 503. Mask 1001 may include between 2
and 10 features, and the features may have a pitch of 50 nm to
100 nm.

In FIG. 11, ILD 503 and body 501 are etched through nano
patterning mask 1001, most, but not all, of the way down to
ILD 201. The etching may be time based, leaving 10% to 20%
of'body 501 unetched, such that multiple channels are formed
in body 501. The channels are all connected (not shown for
illustrative convenience). The remaining portion of body 501
forms a first electrode for a capacitor plate, and the use of
multiple heights generates a large capacitor area.

Adverting to FIG. 12, mask 1001 is stripped, and an insu-
lating layer 1201 is deposited in the channels. Insulating layer
1201 may be a high-k insulator, for example hafnium oxide or
zirconium oxide, and forms an insulator for the capacitor
plate.

The channels may then be metalized forming metalized
channels 1301, as illustrated in FIG. 13, which will serve as
the second electrode for the capacitor plate. As shown in FI1G.
13, source 103 of transistor 101 is attached to the body of the
capacitor plate, the metalized nano channels 1301 serve as
ground, and connections to the word and bit line are gener-
ated. As illustrated in FIG. 14, devices such as that of FIG. 13
may be combined.

The embodiments of the present disclosure can achieve
several technical effects, including more efficient ILD pat-
terning, a reduction in the number of manufacturing steps,
and improved capacitance. The present disclosure enjoys
industrial applicability in any of various types of highly inte-
grated semiconductor devices such as DRAMs and
eDRAMS.

In the preceding description, the present disclosure is
described with reference to specifically exemplary embodi-
ments thereof. It will, however, be evident that various modi-
fications and changes may be made thereto without departing
from the broader spirit and scope of the present disclosure, as
set forth in the claims. The specification and drawings are,
accordingly, to be regarded as illustrative and not as restric-
tive. It is understood that the present disclosure is capable of
using various other combinations and embodiments and is
capable of any changes or modifications within the scope of
the inventive concept as expressed herein.

What is claimed is:

1. A method comprising:

forming a source contact through a first inter layer dielec-

tric (ILD);

forming a conductive body on the first ILD;

forming a second ILD on the conductive body;

forming drain and gate contacts through the second ILD,

conductive body, and first ILD;

forming nano channels in the conductive body;

forming an insulating layer in the channels; and

metalizing the channels.

2. The method according to claim 1, comprising forming
the drain and gate contacts by:

forming first openings through the second ILD and con-

ductive body;

forming an insulating liner in the first openings;

forming a second opening through the first ILD; and

filling the first and second openings with metal.

3. The method according to claim 2, comprising forming
the first openings by:

forming a mask on the second ILD; and
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etching the second ILD and conductive body through the

mask.

4. The method according to claim 2, comprising forming
the insulating liner of silicon oxide or a high-k oxide.

5. The method according to claim 4, comprising forming
the insulating liner to a thickness less than 5 nanometers (nm).

6. The method according to claim 3, comprising forming
the first ILD of a material that has etch selectivity with the
conductive body.

7. The method according to claim 6, comprising:

forming the conductive body of doped polysilicon; and

forming the first ILD of silicon nitride.

8. The method according to claim 1, comprising forming
the nano channels by:

forming an opening through the second ILD; and

forming an opening in the conductive body.

9. The method according to claim 8, comprising forming
the openings by:

forming a nano patterning mask on the second ILD;

etching the second ILD through the nano patterning mask;

partially etching the conductive body through the nano
patterning mask; and

removing the nano patterning mask.

10. The method according to claim 9, comprising etching
the conductive body to a depth of 80% to 90% of'the thickness
of the conductive body.

11. The method according to claim 9, comprising forming
the nano patterning mask having features with a pitch of 50
nanometers (nm) to 100 nm.
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12. The method according to claim 1, further comprising

forming the insulating layer of a high-k material.

13. A method comprising:

forming a first inter layer dielectric (ILD) on at least one
transistor;

forming a source contact through the first ILD for each
transistor;

forming a conductive body of doped polysilicon on the first
ILD;

forming a second ILD on the conductive body;

forming a drain contact and a gate contact for each transis-
tor through the second ILD, conductive body, and first
ILD, and electrically insulating the drain and gate con-
tacts from the conductive body with a silicon oxide or
high-k oxide liner;

forming nano channels in the conductive body;

depositing an insulating layer in the nano channels; and

metalizing the channels.

14. The method according to claim 13, comprising forming

the nano channels by:

forming a mask on the second ILD, the mask having fea-
tures with a pitch of 50 nanometers (nm) to 100 nm;

etching the second ILD through the mask;

etching the conductive body through the mask to a depth of
80% to 90% of the thickness of the conductive body; and

removing the mask.
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